Abstract. Design and advancement of the durable urban train infrastructures are of utmost importance for reliable mobility in the smart cities of the future. Given the importance of urban train lines, tunnels, and subway stations, these structures should be meticulously analyzed. In this research, two-dimensional modeling and analysis of the soil-structure mass of the Alan Dasht station of Mashhad Urban Train are studied. The two-dimensional modeling was conducted using Hashash's method and displacement interaction. After calculating the free-field resonance and side distortion of the soil mass, this resonance was entered into PLAXIS finite element program, and finally, stress and displacement contours together with the bending moment, shear force and axial force curves of the structure were obtained. Keywords: Urban mobility, urban train lines, modeling, soil mass-structure, soil-structure interaction, PLAXIS, computational mechanics, simulation, smart cities, urban sustainable development, urban rail transportation
Introduction
Today, due to the expansion of cities and urbanization, the need for efficient public transportation is continuously on the rise [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Among public transport vehicles, the urban train network is of great importance as a standard form of urban rail transportation [14] [15] [16] [17] . The construction of the metro network on the ground is less costly, but due to increasing surface congestion, heavy traffic, and scarcity of space, metro lines are mostly built underground [18] [19] [20] . On the one hand, due to the low depth of the underground tunnels, metro stations are usually built-in soft soils (i.e., loose surface soils [21] [22] [23] [24] ). Therefore, much research has been done to provide smart solutions to such problems. Thus, the optimal implementation of these underground spaces and ensuring their security during the long-term construction process is a factor that has been taken into account by designers of underground structures. Among these underground structures, transportation tunnels are of critical importance. Before 1995, tunnels were not designed to tolerate dynamic loads. However, the earthquakes of the 1990s wreaked havoc to some tunnels. For example, the 1999 earthquake in Chi-Chi, Taiwan, damaged the mountain tunnels [25] . Duzce earthquake in Turkey led to the partial destruction of Bolu twin tunnels [26] , and Diakia metro station collapsed in Kobe, Japan in 1995 [27] . Sharma and Judd (1990) [28] investigated 192 cases of underground structural behavior in the face of 85 earthquakes worldwide, concluding that the vulnerability of an underground structure could be assessed in terms of the depth of overburden and earthquake parameters of the area. The extent of demolition and damage to tunnels declines with an increase in the depth of overburden [29] . In 2001, Hashash [30] noted that the tunnel structure should be considered in terms of plasticity and resistance to earthquake forces [31] . Moreover, to ensure sufficient plasticity in the tunnel cover during an earthquake, the force reduction factor should be equivalent to the tunnel plasticity [32] . In this research, a two-dimensional mod- (2) show the plan and the top view of the Alan Dasht station. Blvd. to the South of Mashhad. 
The behavior of soil mass around the station is assumed to be linearly elastic, and given the dependence of the dynamic shear modulus on the strain level and normal level of strains during the earthquake, the effective dynamic shear modulus of the soil is estimated as Ge=0.6Gm.
3) The maximum shear strain of the original soil mass: The maximum shear strain of the original soil mass, − , is obtained from Eq. (2).
Where PGV is the maximum propagation velocity of soil particles at the depth of the station.
If this parameter is calculated in seismic studies, it can be directly used to compute − . Otherwise, PGV value at the depth of the station can be roughly determined using the following method: a) PGA calculation in the station depth during the desired return period at the mean depth of the station based on the acceleration distribution graphs in the soil profile.
b) PGV calculation from PGA based on station distance from the fault, type of soil and expected magnitude of the earthquake and its effect on the useful life of the structure according to Table ( 2). . The relationship between peak ground velocity and peak ground acceleration is less certain in soft soils.
In the seismic risk analysis of the project, the baseline design earthquake The distortion applied to the station is calculated by Eq. (3).
Where, the coefficient R, which is the ratio of structural distortion to soil environment distortion, is a function of structural stiffness and soil hardness ratio, which is achieved from the displacement interaction method.
Displacement interaction method
In this method, the distortion applied to the underground structure is considered in terms of the structure-soil mass interaction using analytical or semi-analytical methods. In this method, considering the stiffness of the alternative structure relative to soil mass removed from the environment, a good approximation of soil-structure interaction and the distortion applied to the structure during an earthquake is obtained.
For interactive analysis, modeling should be performed in soil-structure interaction software such as PLAXIS [38, 39] . The steps and assumptions of modeling are as follows:
• Two-Dimensional modeling is performed in-plane strain mode.
• The soil environment is assumed to be elastic.
• Ge = 0.6 Gm.
• All tensions, including horizontal and vertical tensions, are assumed equal to zero.
• The width of the model is at least 10 times the width of the structure and its depth is at least one-fourth of the length of the shear wave.
• The modeling of the final coating structure is carried out using a bending beam element with elastic behavior.
• The connection of structural elements to the soil through interface elements is considered as elasto-plastic with environmental resistance in the static model.
To perform this analysis, it is necessary to construct two computational models which are described below:
Original soil model
In this step, the original soil model, irrespective of the structure, is subject to a compulsory displacement of ∆ free−field , similar to the following figures. (Figures 3 and 4) . 
Soil-Structure Model
In this model, soil mass and structure are modeled simultaneously and subjected to a compulsory triangular displacement of size α∆ free−field in the vertical boundary of the soil mass, as shown in Fig. 6 . In the seismic analysis of the structure, the structural analysis is performed with the unit length (for the lateral fixed part of the wall) or with a limited length on both moving sides of the sidewall, and the results are manually merged with the results of static analyses. The reinforcement of the structure is conducted on-site. A 3D modeling of the structure does not correspond to Hashash's assumptions in practice, and rigid performance of the sidewalls of the station will preclude any distortion in the station. The following assumptions will also be considered in the design of structural elements:
• In all analyses, the effective hardness of concrete cross-sections (cracked sections) is used.
• The behavior coefficient of the structure is R = 1.
Seismic Loading
The PLAXIS 8.2 [38] software package was used to perform displacement interaction analysis. This software is capable of two-dimensional modeling of drilling steps and installation of a maintenance system relative to the effects of soil-structural interaction. In this program, the numerical solution is the finite element, which allows analyzing the continuous environment with linear and elasto-plastic behavior in a plane strain model.
As described earlier, according to the basics of Line 2 of Mashhad Urban
Train, two-dimensional modeling was performed in a plane strain mode with an elastic soil environment and Ge = 0.6 Gm. For this modeling, three-node elements were used for the soil environment. All tensions in the model, including horizontal and vertical tensions, were considered to be zero. Also, all modeling was conducted in a single phase. The necessary calculations for the two-dimensional modeling of the Alan Dasht station are described in (5) to (10). The dimensions of the model should be chosen in a way to model the environment with good approximation. For this purpose, the width of the environment was assumed to be 10 times the width of the structural cross-section. The depth of the model was considered to be at least one-fourth of the length of the shear wave. The station structure and retaining structure were modeled using the bending beam element with elastic behavior. Also, the casing was modeled in the cracked form. The boundary conditions of the model were applied as shown below.
Boundary conditions
In Fig. 8 and Table 3 , the boundary conditions of the modeled sample are shown. 
Fig. 8. How to apply boundary conditions on a two-dimensional model

Results of Analysis
In this section, the results of the analysis of two-dimensional modeling of soil- in Section 5, the soil mass was subject to these resonances, Figures (9) and (10) reveal the application of side displacement to the soil mass in PLAXIS software under ODE and MDE seismic conditions. In Figures (11) and (12), the deformation of the meshed soil mass is observed under both ODE and MDE seismic conditions. For more meticulous analysis, stress and deformation graphs should be extracted. In Figures (13) and (14), the displacement contours of free-field soil masses are observed under ODE and MDE seismic conditions. As can be seen, the maximum displacements are observed in the upper angles, with values reaching 54.18 mm in the ODE and 108.36 mm in the MDE seismic conditions. Also, according to the mean stress contours derived from the analysis, as shown in Figures (15) and (16), the maximum average stress in soil mass is 1490 KN/m2 under ODE and maximum stress in soil mass is about 2840 KN/m2
under MDE seismic conditions. After analyzing the soil-structure model underside distortion, the bending moment, shear force, and axial force curves were obtained. In Figures (17) and (18) 
